A number of high schools across the United States have moved to later bell times on the belief that their previous bell times were too early for the "biological clocks" of adolescents. In this article I study whether doing so improves academic performance. I first focus on the Twin Cities metropolitan area, where Minneapolis and several suburban districts have made large policy changes but St. Paul and other suburban districts have maintained early schedules. I use individual-level ACT data on all individuals from public high schools in this region who took the ACT between 1993 and 2002 to estimate the effects of school starting times on ACT scores. I then employ school-level data on schedules and test scores on statewide standardized tests from Kansas and Virginia to estimate the effects of bell times on achievement for a broader sample. The results do not suggest an effect of school starting times on achievement.
INTRODUCTION
This article studies a relatively inexpensive policy that may potentially raise academic achievement: starting the school day later. High school students in the United States generally begin the school day quite early. One recent random nationwide survey of schools found that the average high school began the school day at 7:54 a.m. in 2001-2 (Wolfson and Carskadon 2005) .
1 At the same time, sleep scientists believe that adolescents undergo a phase shift of the sleep-wake cycle and that early school schedules are not consistent with the circadian rhythms of adolescents (Dement and Vaughan 1999) . Given the sleep habits of adolescents, it is certainly plausible that delaying the school day could increase the amount that students learn in school and consequently raise test scores. On the other hand, perhaps students are in fact able to adapt to early schedules, or perhaps the later schedules chosen by some schools may still be too early. Either of these possibilities could explain why shifting the school day may not raise test scores. The possible benefits from shifting to a later school day have inspired legislation such as U.S. Representative Zoe Lofgren's (D-CA) ZZZ's to A's Act, which would encourage secondary schools nationwide to begin the school day after 9:00 a.m., as well as a proposed law in Minnesota to prevent public schools in that state from beginning the school day before 8:00 a.m. Although neither of those pieces of legislation has ultimately been enacted, some individual school districts have decided to alter school schedules on their own. Most notably for the purpose of this study, Minneapolis Public Schools changed the high school schedule in 1997-98 from 7:15 a.m.−1:45 p.m. to 8:40 a.m.-3:10 p.m.
2 Another notable example is Arlington Public Schools in Virginia, which moved high school start times from 7:30 a.m. to 8:15 a.m. in 2001. There is a movement toward change in other districts as well. For instance, there is currently a parent-led effort to push back high school schedules in Virginia's Fairfax County Public Schools. 3 This article focuses on the Twin Cities of Minneapolis and St. Paul and their surrounding suburbs. Minneapolis's policy change provides a strong basis for identifying the effects of school starting times, as Minneapolis's "twin" city St. Paul has maintained an early 7:30 a.m.-2:00 p.m. schedule for many years. St. Paul provides a useful comparison for Minneapolis because the two cities are geographically contiguous and quite similar. Table 1 shows some of Researchers at the University of Minnesota's Center for Applied Research and Educational Improvement (CAREI) conducted a study of starting times in Minneapolis concurrently with Minneapolis's policy change (Wahlstrom, Wrobel, and Kubow 1998; Wahlstrom et al. 2001; Wahlstrom 2002) . The study finds a modest increase in attendance rates in Minneapolis over time, and teachers report that students seem less sleepy after the policy change. But insofar as the study focuses on academic achievement, it considers only unadjusted differences in grades at a point in time between districts or unadjusted changes in grades over time within a single district. 7 Economists have also recently begun to study whether students perform better in classes that meet later in the day. 8 Cortes, Bricker, and Rohlfs (2009) show that students in Chicago public schools receive lower grades and are more likely to be absent in first-period classes compared to other classes. Dills and Hernandez-Julian 6. Expressed in terms of standard deviations, this confidence interval is (−.0512, .0406). 7. Wahlstrom, Wrobel, and Kubow (1998) find that a sample of students in Minneapolis has higher self-reported grade point averages than a sample of students at an unnamed comparison district at a point in time. Wahlstrom (2002) surveys a random sample of students at a broader set of secondary schools in the Twin Cities and also finds an association between later start times and higher grades. Wahlstrom et al. (2001) find a small but statistically insignificant increase in grades in Minneapolis from the three years before the policy change to the three years after the policy change. In addition, Wolfson and Carskadon (2003) review research by sleep scientists on the relationship between sleep habits and grades. The general pattern in these studies is that the students who have better sleep habits do in fact receive higher grades, but these articles generally measure only simple correlations. 8. More broadly, research on school starting times is related to recent research by economists on the structure of the school day (Eren and Millimet 2007) and the amount of time spent in school (Krashinsky 2006; Eren and Millimet 2007; Marcotte 2007; Pischke 2007; Hansen 2008; Marcotte and Hemelt 2008; Sims 2008) . Even more broadly, economists studying time use have expanded their analysis beyond the simple hours trade-off between labor and leisure to include sleep (Biddle and Hamermesh 1990; Brochu, Deri Armstrong, and Morin 2009) , other activities (Aguiar and Hurst 2007; Krueger 2007; Guryan, Hearst, and Kearney 2008) , and timing of activities throughout the day (Hamermesh 1998 (Hamermesh , 1999a (Hamermesh , 1999b (Hamermesh , 2002 Hamermesh, Myers, and Pocock 2008) . (2008) and Carrell, Maghakian, and West (2010) have found that college students receive higher grades in classes that meet later in the day. Unlike the other existing research by economists showing that grades are higher in later periods, I focus on test score effects of changing the timing of the entire school day. And unlike the CAREI study of Minneapolis, I make use of a control group in which starting times did not change; I also include individualand school-level covariates.
MINNESOTA ACT TEST SCORE ANALYSIS Data and Empirical Methods
The Minnesota test score analysis uses three main types of data: ACT test score and student survey data, school starting and ending time data, and school-and district-level control variables. Table 2 shows summary statistics for these data.
The ACT data are student-level data on all students in grades 10-12 in public schools from the forty-eight districts (seventy-three schools) of the sevencounty Twin Cities metropolitan area who took the ACT between 1993−94 and 2001-2. 9 The data set contains one observation for each test sitting. I
am not able to distinguish first-time test takers from repeat test takers. The forty-eight districts include the large urban districts of Minneapolis and St. Paul, a number of midsized suburban districts, and some smaller districts that are on the periphery of the Twin Cities metropolitan area. The data include individual-level test score and demographic information for those who took the test. The main outcome is the composite ACT score. I use ACT data because Minneapolis's policy change occurred before statewide accountability tests gained prominence in Minnesota. An advantage of these data is that the ACT is a high-level test that has real consequences for individual students. Importantly, such test scores are at least somewhat malleable, as previous research has in fact found effects of various policies or conditions on ACT or SAT scores.
10 Even more to the point, people have claimed that moving the school day later does raise scores on college entrance exams. For example, George Will wrote in his Washington Post column on 4 March 2010, "When Edina, Minn., changed its high school start from 7:25 a.m. to 8:30 a.m., math/verbal SAT scores rose substantially" (Will 2010 ). In addition, the ACT is more of an achievement test and less of an aptitude test than the SAT. One limitation is that not every student takes the ACT. However, Minnesota is an "ACT state," and the ACT participation rate is thus high: between 1994 and 2002, the annual participation rate among high school graduates in Minnesota varied from a low of 59 percent in 1995 and 1996 to a high of 66 percent in 2000 and 2001.
The starting and ending time data for Minnesota were acquired by contacting schools and school districts directly, and school-and district-level covariates come from the National Center for Education Statistics's Common Core of Data (CCD). The CCD includes information on spending, demographic composition, and percentage of students at the school enrolled in free lunch under the National School Lunch Program.
I use the Minnesota data to regress ACT scores on school starting times, controlling for various covariates. The main ACT test score equations I estimate are of the form 9. All regressions drop two observations from tenth graders in White Bear Lake, a district that has separate schools for grades 9-10 and grades 11-12. The two campuses in this district have slightly different schedules. 10. For instance, Card and Payne (2002) find that school finance equalization reduces SAT score gaps, Card and Rothstein (2007) find that reducing racial segregation narrows the black-white SAT score gap, Krueger and Whitmore (2001) find that lower class sizes in early grades in the Tennessee Student Teacher Achievement Ratio (STAR) experiment results in higher ACT or SAT scores later on, and Pallais (2009) finds that a merit scholarship program in Tennessee raised ACT scores.
Here y is t is the test score from student i from school s in year t, starttime s t is the number of hours after 7:00 a.m. that the school day begins, x is t are individuallevel covariates, z s t are district-or school-level covariates such as the length of the school day, δ t are year fixed effects, α s are school fixed effects, η s t denotes a full set of school-specific linear time trends, ε is t is the error term, and the other components of the equation are parameters to be estimated. I estimate these models by ordinary least squares (OLS), and the standard errors allow for clustering at the school level. I also estimate models for various demographic groups because it may be the case that social or biological factors that facilitate going to sleep and waking up at certain times differ by demographic group.
11
It is conceptually possible that the start time, end time, and length of school day have their own independent effects on outcomes. However, it is not possible to simultaneously identify the effects of these three variables due to the perfect collinearity among them.
12 I estimate parameters on the start time and the length of school day variables; thus the coefficient on the start time variable estimates the effect of making the school day earlier without changing its length. This implementation is in line with the goal of this article, which is to estimate the effect of the timing of a fixed-length school day rather than the effect of shortening the school day by having it begin later in the morning.
Results
Figure 1 plots average test scores in Minneapolis and St. Paul over time. This figure does not give much indication that Minneapolis's policy change had an effect on test scores. This is supported by table 3, which includes the full sample and reports results from regressions of composite ACT scores on school starting times when controlling for various covariates. 13 The estimates are quite precise. For example, in the full specification of column 8, a 95 percent confidence interval for the effect of moving the school day back one hour is (−.2306, .1825). When expressed in terms of standard deviations of ACT scores, the confidence interval is (−.0512, .0406). The insignificant coefficients on the treatment variable are in contrast to the estimated coefficients on the covariates, which are generally statistically significant and of the expected sign.
11. Wahlstrom (2002, p. 196) writes about Minneapolis's policy change, "Overall, the group most positively affected by the later start time comprised the African American students, whose rates in every outcome indicator showed statistically significant positive gain." 12. Data from suburban districts are necessary for identifying the effect of the length of day, since there is no variation within or between Minneapolis and St. Paul. 13. The "school is new" variable for Minnesota is coded from knowledge of what schools opened in which years in addition to relying on the CCD. For example, students from high-income families score higher than students from the excluded category of middle-income families, who in turn score higher than students from low-income families. White students score higher than those in the excluded racial category. 14 Asians do not score significantly differently from the excluded category, while blacks and Hispanics score lower. Students in tenth grade score higher than those in eleventh grade, who in turn score higher than those in twelfth grade. This result is presumably due to more capable students taking the test earlier.
The ACT results hold up under a variety of robustness checks and alternative specifications. The full results are available upon request. In short, I find no effect of school schedules on test scores when doing the following: r Stratifying the sample by subgroups defined by race, income, or gender; r Handling selection bias by controlling for the school-level participation rate or the inverse Mills ratio of the school-level participation rate; or "other." 15. I also find no effect of school starting times on ACT-taking rates. 16. The second measurement comes from the Internet Archive's "Wayback Machine" (www.archive.org/web/web.php), Blake and Ballman (1994) , Peterson (1997a Peterson ( , 1997b , and Draper (1998 Draper ( , 2001 . See, for instance, Ashenfelter and Krueger (1994) on instrumenting with a second measurement. 
(8) r Controlling for a dummy for a large schedule change in the current school year, controlling for last year's schedule, stratifying by the time of year the test was taken, using a quadratic in the start time, or dropping the large urban districts of Minneapolis and St. Paul; and r Interacting the starting time with demographic characteristics of the school district, school spending, or latitude and longitude.
ATTENDANCE EFFECTS IN MINNESOTA
There is a possibility that later school starting times will raise the probability that high school students will attend school. As noted earlier, Wahlstrom et al. (2001) found that the attendance rate in Minneapolis was rising over the time period in which the schedule change took place. To try to determine whether this finding is spurious or whether it is attributable to the school starting time change, I employ school-level data from Minnesota on average daily attendance rates. The data are publicly available and were downloaded from the Web site of the Minnesota Department of Education. Table 4 shows summary statistics. As a first pass at determining whether the increased attendance in Minneapolis was spurious, figure 2 shows that attendance was also increasing in St. Paul over the time period. I also estimate equations of the form Here y s t is the attendance rate from school s in year t, starttime s t is the number of hours after 7:00 a.m. that school begins, z s t are district-or school-level covariates such as the length of the school day, δ t are year fixed effects, α s are school fixed effects, η s t denotes a full set of school-specific linear time trends, ε s t is the error term, and the other components of the equation are parameters to be estimated. Table 5 shows regression results using the same sample of schools as in the ACT test score analysis. The regression results do not give evidence that delaying school start times will improve overall attendance. 
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The Kansas data cover the entire state but due to confidentiality rules, data for a group at a school will be missing if there are fewer than ten students in that group in the school. There were also a small number of schools in the school schedule file that did not merge to the test score files, but these schools are presumably small. I drop one school, Hope Street Charter Academy, that is coded Notes: The table shows least squares estimates of equation 2 with school-level attendance rates on the left-hand side weighted by the number of students at the school. Standard errors that allow for clustering at the school level are in brackets. * significant at 5%; * * significant at 1%. eleventh-grade reading and tenth-grade mathematics exams for each year in the sample beginning in 2001−2, as well as data for the eleventh-grade social studies and tenth-grade science exams for every other year in the sample beginning in 2000-2001. The starting and ending time data from Kansas were provided by the Kansas State Department of Education. School-and district-level controls come from the CCD. I use the Kansas data to regress school average scores on school starting times, controlling for school-level control variables from the CCD. I estimate an equation like equation 2 but with test scores rather than attendance on the left-hand side. I weight these regressions by the number of students taking the test, I again allow for clustering at the school level, and I estimate models for various subgroups in addition to models for all students.
An advantage of the Kansas data over the Minnesota data is that there is likely less measurement error with the start and end time data because the Kansas State Department of Education keeps careful records of school schedules. Moreover, selection bias is likely less problematic with the Kansas tests than with the ACT. A disadvantage is that there are not as many districts in Kansas making large policy changes. The results obtained for Minnesota are largely supported by Kansas. Table 7 reports regression results for the Kansas reading exam. The results are precise enough for some of the covariates to be significant, but the results do not suggest an effect of school start times on test scores. In results not reported here, I find no effect on scores on the mathematics, science, and social studies assessments. I also find no effect when stratifying by gender or when limiting the sample to those eligible for free or reduced price lunches. In addition, many of the same robustness checks and alternative specifications I did for Minnesota are possible to do for Kansas. I find no effect when I interact the starting time with the demographic composition of the district, spending per pupil, or latitude and longitude. I also find that the lack of an effect is not due to schools in the first year of a large change and that there is no effect when controlling for the previous year's starting time.
On the whole, the results from Minnesota are confirmed by Kansas. But interestingly, when I use a quadratic in the starting time, both the linear and quadratic term are marginally significant. The results from the quadratic model suggest that delaying school start times until 8:07 a.m. would raise test scores but that delaying them further would lower test scores. Although this is plausible, there are at least two reasons to be skeptical of this result. First, significance is lost when controlling for a quadratic in the length of the school day. Second, although a spline regression with knots every forty-five minutes has a significant negative coefficient on the segment from 8:30 a.m. to 9:15 a.m., none of the other segments in that regression or in a spline regression with knots every thirty minutes is significant.
Virginia End-of-Course Exam Analysis
I have also estimated the effects of school starting times on test scores on statewide end-of-course exams for a sample of schools in Virginia. The sample consists of the seventy-five schools in the nineteen districts in Virginia's Region 4, which corresponds roughly to the Virginia suburbs of Washington, DC. This region was chosen because there have been several districts there, most notably Arlington Public Schools in 2001-2, that have moved to later high school schedules. At the same time, data are available on widely taken standardized tests. The school start and end time data were acquired by contacting schools and districts directly, and test score data for the years 2000-2001 to 2006-7 were downloaded from the Virginia Department of Education Web site. I am also able to control for school-level covariates from the CCD. The results, which are not reported here but are available upon request, are somewhat imprecise, but they do not give evidence for an effect of the timing of the school day on test scores. 
(8) Hamermesh, Myers, and Pocock (2008) , who find that television schedules have a real effect on the timing of sleep and work. But taking the results at face value, there are several reasons why there might not actually be an effect of school starting times on achievement. First, when schools start early and students lose sleep as a result, students may learn less per unit of time but they may learn more overall outside school due to being awake longer. Second, students may be able to adapt to early starting times by re-optimizing their sleep patterns. For example, they may be able to catch up on sleep over the weekend. The approach of Biddle and Hamermesh (1990) , who view sleep as being endogenous and derive a demand curve for it, may be particularly relevant here.
20 Third, students may be able to adapt to early schedules in other ways. Environmental stimulation can keep people awake when they are sleep deprived, as can chemical stimulation in the form of 19. ACT testing rooms begin to admit students at 8:00 a.m., and testing begins at 9:00 a.m. 20. Also see Brochu, Deri Armstrong, and Morin (2009) , who use Canadian time use data to show that sleep time rises when the unemployment rate is higher. soda and coffee (Dement and Vaughan 1999) . 21 Fourth, although the biological clocks of adolescents may be better suited for learning later in the day, their teachers may perform better earlier in the day. This may have a counteracting effect. 22 Fifth, there may be an effect of changing school starting times through synchronizing or desynchronizing the schedules of students with those of their parents, either in the morning or in the afternoon. For example, later starting times could result in less time spent with parents in the morning without changing the amount of time spent with parents in the afternoon or evening.
On the other hand, it could result in more time spent with parents. Sixth, "zero hour" classes or other before-school activities may nullify the effects of later starting times. Seventh, with later school schedules, students may miss instructional time due to being dismissed early to participate in athletic competitions or other extracurricular activities. Eighth, there may be no effect of starting times in my data because even the relatively later starting times may still be too early for the biological clocks of adolescents. Ninth, to the extent that the tests I use in this analysis measure innate ability or to the extent that schools do not teach what is tested, there is only limited scope for most school policies to affect test scores. A final possibility is based on sleep scientists' model of sleep. According to the model, there is a homeostatic process that makes people more sleepy the longer they go without sleep, and there is the biological clock that tends to make most people sleepy around the middle of the afternoon and the middle of the night (Borbely 1982) . The interplay between these two forces governs how sleepy people are at various times. With later school starting times, students may be more likely to be in school during their mid-afternoon dip in alertness. This negative effect could counteract the presumed positive effect of not needing to wake up as early in the morning. It should be noted that even if there is not a measurable effect on test scores, there might be other benefits to switching to a later school day. For example, feeling better rested and less irritable may have effects on health and happiness even if it does not result in improved academic performance. Postponing the schedule may lead to less tardiness and truancy. In addition, later school starting times may lead to less crime and fewer teenage pregnancies because students are "incapacitated" into later in the afternoon. There may also be better athletic performance or fewer automobile accidents. 23 But there may be 21. Although there is a movement away from soda vending machines inside schools, there are potential benefits from having them there. 22. Wahlstrom, Wrobel, and Kubow (1998) found that teachers in Minneapolis had a mixed reaction to the school start time change. 23. Alternatively, moving the school day back may result in more automobile accidents if doing so leads to more adolescents being on the road during the morning and evening rush hours.
costs as well. If a school unilaterally moves its bell times, it may become more difficult to coordinate athletic events with other schools. There is also concern about after-school sports practices, especially in the dark winter months. And it may create problems for other extracurricular activities or make it more difficult for students to work after school. 24 
CONCLUSION
This article has employed a quasi-experiment in Minnesota and data from Kansas and Virginia to estimate the effects of school starting times on test scores. It has also considered the effects on school attendance in Minnesota. The results suggest that there are no effects on the outcomes considered. This holds across several states and types of tests as well as under a variety of robustness checks and alternative specifications. Although I find no effect, this result is interesting and somewhat surprising in light of the fact that others have argued that there is an effect. In the era of school accountability, schools have real incentives to raise student achievement. They may turn to later bell times as one policy to improve achievement. But the results here suggest that doing so would be ineffectual. However, this does not rule out the possibility that moving the school day later would affect other outcomes. But the clear policy implication from this article is that doing so would not raise achievement as proxied by test scores.
